Introduction
Studies of the effects of phytoestrogens have been conducted since the early 1940 s as a result of widely spread fertility problems observed in Australian sheep (BENNETTS et al. 1946) . In Finland these studies started in the 19605. Their aim was primarily to determine whether phytoestrogens were involved in the fertility disorders in cows which occurred commonly especially in the spring at the beginning of the grazing season (Kallela 1964) . Interest in phytoestrogens has generally been aroused by their adverse properties. They may, however, also be beneficial while increasing the growth rate of animals and the milk yield of cows (Refsdal 1976 , Petterson et al. 1984 . According to recent studies, they may also have a prophylactic effect against some hormone-related human malignancies (Adlercreutz et al. 1991 , Rose 1992 ).
The known phytoestrogens are either isoflavonoids or coumarines. Of the isoflavonoids, biochanin-A and genistein, which in monogastric animals have an estrogenic effect, are broken down in the rumen of ruminants into inactive paraethylphenol (Pettersson et al. 1984) . Two other phytoestrogens, daidzein and formononetin, are converted by ruminal microbia into active equol. Coumestrol, which belongs to coumarins, is absorbed and is active as such (Pettersson et al. 1984) .
Many Finnish fodder and pasture plants contain small amounts of phytoestrogens. The highest concentrations of phytoestrogens occur in red clover, so that all varieties ofred clover contain phytoestrogens. Abundant feeding of a diet based on red clover silage has been shown to causefertility problems in cattle (Kallela et al. 1984) .
Despite its numerous good properties, red clover also has dietary and feed-technological drawbacks: it is poorly resistant to treading and it is not very palatable; it disappears from fallows in 2-3 years and the oppressional losses of dried red clover are great. Partly for these reasons attempts have been made to experiment with new legume varieties suitable for the Finnish climatic conditions which might have a positive effect on the fodder quality and palatability. These plants include white clover {Trifolium repens), alfalfa (Medicago saliva) and goat's rue ( Galega orientalis). At present, their adaptability to the Finnish conditions is experimented at agricultural research stations. In this context, it has been considered justified to also examine their content of phytoestrogens and estrogenic effects on rats.
Material and methods

Experimental
Samples of white clover, alfalfa and goat's rue were collected during the summer of 1991 from five agricultural research stations in different parts of Finland. There were four white clover {Trifolium repens) varieties: 'Undrom', 'Jögeva', 'Sandra' and 'Tammisto'. Samples of 'Undrom' were collected from the South Savo, Karelia, Kainuu and North Ostrobothnia Research Stations, while samples of 'Jögeva', 'Sandra' and 'Tammisto' were collected from the South Savo Research Station. Samples of goat's rue {Galega orientalis) were collected from the Karelia and Sata-Häme Research Stations and those of variety 'Jokioinen' of alfalfa {Medicago sativa) from the Sata-Häme Research Station. Fertilization was very similar in all the research stations.
During the growing period samples were collected, as a rule, mainly four times: twice from the spring growth (white clover at the pasture and silage stage, alfalfa and goat's rue at the bud and early blossom stages) and twice from the aftermath.
As far as possible, the samples were collected at the same stage of development at all research stations. Samples from the second aftermath of white clover were obtained only from the South Savo Research Station, but even there the growth of clover was poor.
The samples consisted of the entire aboveground part of the plant. The samples were ground in a meat chopper immediately after cutting. Thereafter they were allowed to stand for 30 min at +37°C for the conjugated phytoestrogens to hydrolyse (Francis and Millington 1965 a) before mixing in absolute ethanol. The samples were then stored in a refrigerator for closer chemical analyses and biological studies.
Studies conducted on subterranean clover have revealed that chrushing leaf tissue releases glucosides to free isoflavones (aglucones) through enzyme hydrolysis (Beck 1964, Francis and Millington 1965 b) . Accordingly, when different parts of red clover are milled, enough enzyme (p glucosidase) was released from every part of the plant (stems not included) to allow complete hydrolysis (McMurray et al. 1986 ).
The adequacy of the hydrolysation method (maceration and incubation for 30 min at 37°C) was established in tests with red and white clover, in which the results of this method and acid hydrolysis were compared (Table 1) .
Chemical analyses
The method described earlier (Kallela and Saastamoinen 1978) was adapted for this study as follows:
The plant samples warmed up at room temperature (50 g in absolute ethanol) were mixed intensely for 5 min. The procedure was repeated the next day whereafter the samples were filtered through a Buchner funnel. The filtrate was evaporated using a vacuum evaporator (+ 40°C) to reach 100 ml. An aliquot was diluted and filtered through an Acrodisc CR filter (Gelman) before high performance liquid chromatography (HPLC).
Daidzein, genistein, formononetin and biochanin-A were determined using a UV detector, and coumestrol was determined by fluorometry. genistein (Sigma Chemical CO, USA) and biochanin-A (Aldrich-Chemie, Germany). Standards were diluted to absolute alcohol concentrations of 1-20 pg/ml. The injection used was 20 pi, while on the fluorometer it was 10 pi or less.
Biological studies
The studies were conducted using the method described earlier (Kallela 1975 ) with the amount of extract fed to the rats equalling 3 g of plant dry matter per day. Uterine weight was used as the indicator of the effect of the treatment.
The extract added to the feed of the test rats was prepared based on an earlier study (Kallela 1964) as follows: The plant samples were cooked in ethanol three times: for 30 min, 1 h and 15 min, and filtered through a Buchner funnel. The ethanol filtrates were pooled and ethanol was evaporated at +4O°C using a vacuum evaporator. At the end of evaporation, some (approx. 10 ml) distilled water was added and evaporation was continued until the water started to distil over. The water residue was transferred with the distilled water and diethyl ether (ca. 40 ml and 250 ml in small doses, respectively) into a separating funnel which was shaken intensely for 5 min, allowed to stand for 30 min and reshaken for 5 min. After the different layers had separated, the ether extract was collected. The water residue was treated in the same way three more times. The ether extracts were pooled and washed with due care in the separation funnel, shaking with a small amount of water (ca. 50 ml). Finally the ether extract was evaporated to reach 500 ml using a vacuum evaporator. The extract was added to the feed of the test rats at the calculated doses from which ether was evaporated in a fume hood.
HPLC analyses were conducted on the phytoestrogen concentration of the extracts. An aliquot of etherextract was evaporated in a stream ofnitrogen (+4O°C) to dryness and the residue was dissolved in an equal volume ofethanol. The sample was diluted and filtered before HPLC analysis. The concentrations parallelled those observed in chemical studies (Table 2) .
Results
The study of the phytoestrogen content and estrogenic effect was negative for goafs rue. Insignificant amounts of formononetin and biochanin-A were observed only in the early spring samples collected at the Karelia Research Station, and signs ofcoumestrol were observed in the early spring and late autumn samples of the Sata-Häme Research Station. They had no effect on the weight of the rat uterus. Alfalfa showed estrogenic activity which was attributable only to coumestrol (Table 3 ). The quantities of estrogenic isoflavones, formononetin (90-95%) and genistein (5-10%) discovered in the n.a. = not analyzed chanin-A was under the detection limit. Also small quantities of coumestrol were found, but it was not recovered in all samples. The effect of white clover samples on the weight of the rat uterus was, however, clearly positive (Table 4) .
Discussion
The most important Finnish legume used for fodder today is red clover. Its estrogenic effect and factors affecting it have been studied in Finland and in other countries. According to Kallela (1964 ), Petterson et al. (1984 and Kallela et ai. (1987) , all the red clover varieties studied in the Nordic countries contain estrogenic isoflavones, especially formononetin. There are, however, clear differences between varieties. It has been observed also that the growth stage and the temperature affect the quantity of phytoestrogens. They are formed most abundantly in the spring during the rapid growth period or in the autumn in abundant aftermath (Kallela et al. 1987) . A cool weather during the growing season increases the amounts of phytoes-trogens (PETTERSSON et al. 1984 , McMurray et al. 1986 ). A clear difference was observed in the phytoestrogen concentrations of red clover varieties between North Finland and South Finland (Kallela et al. 1988) . The amount of nutrients also have an effect. The formononetin concentration of red clover is higher in a phosphorus-poor soil than in a soil fertilized with phosphorus (McMurray et al. 1986 ). It has also been observed that with increasing nitrogen doses the phytoestrogen concentration and raw protein concentrations in red clover decrease (Kallela et al. 1987) . The possible effect of a number of factors such as soil and rain has not yet been studied as far as we know.
The information obtained mainly from red clover studies formed the basis for planning the phytoestrogen study of new legumes. Goat's me (Galega orientalis), alfalfa (Medicago saliva) and whiteclover (Trifolium repens), which were test cultivated at research stations in different parts of Finland, were taken as the objects ofstudy.
Goat's rue
Of the plants investigated, goat's rue did not contain any known phytoestrogens. Only minor signs of isoflavones (Karelia Research Station) and coumestrol (Sata-Häme Research Station) were observed in the plant samples of early spring and late autumn. The biological study of the effect of phytoestrogens on the weight of the rat uterus was completely negative. As far as we know, there are no studies or information in the literature concerning the estrogenic properties of goat's rue.
Alfalfa
The estrogenic efficacy ofalfalfa was studied in the early days of phytoestrogen research in Finland. The criteria then were the changes in the weight of the uterus and vaginal smear ofovariectomized rats (Kallela 1964) . Of the varieties then studied, 'Rhizoma' had an obvious effect, 'Normad' a smaller effect.
According to the present HPLC study, the estrogenic effect ofalfalfa is most obviously attributable to coumestrol. The samples contained very small quantities of estrogenic isoflavones (formononetin and biochanin-A), whereas the coumestrol content was remarkably high in the spring and especially in the autumn.
According to the present biological study, the estrogenic effect of alfalfa was also quite obvious. No such consistency as in the red clover studies (Kallela et al. 1987 ) -high estrogen concentrations in early spring, a clear decrease by midsummer, and an increase again in aftermath -could, however, be observed in the chemical and biological studies of alfalfa.
Coumestrol is known to be about 30 times more effective than genistein in mice (Beck 1964) , and to cause estrogen-related disorders in animals (Bickoff et al. 1969 ). In addition, coumestrol seems to have a cumulative effect. Consequently, even quite small amounts (25 ppm) in the fodder may have a negative effect and reduce the fertility of sheep (Smith et al. 1979) . Whitten et al. 1992 have found that coumestrol induces uterine growth in rats over a 90-h period at a dietary concentration of 0.01-0.1%. Lower doses not active over this period were active when provided over a longer period. A coumestrol concentration as low as 0.005% induced uterine enlargement if the diet was provided over 180 h.
Coumestrol has been observed to accumulate in alfalfa following insect or fungal attack (Loper 1968) . According to some studies, the coumestrol concentration of alfalfa is a consequence of fungal diseases (Smith et al. 1979) . Flealthy plants only contain very small quantities ofcoumestrol (WONG et al. 1971 ). There are, however, differences between varieties (Bickoff et al. 1967 , Wong et al. 1971 ). In the samples investigated now there were no indications offungal or other diseases.
White clover
There are only few observations on the estrogenic disorders caused by white clover in domestic animals (Wright 1960) . Like in alfalfa, the most active phytoestrogen in white clover is coumestrol which may increase considerably as a result of fungal diseases, or it may be solely attributable to fungal diseases (Wong et al. 1971 , Shutt 1976 According to the present HPLC study, the phytoestrogen concentrations of all white clover varieties were small at all research stations. The samples contained estrogenic isoflavones only 0.02-0.06%, whereas red clover may contain more than 2%. Also coumestrol was found in small quantities and inconsistently.
A biological study of the efficacy of the estrogenic effect of white clover varieties was only conducted from the clover samples grown at the South Savo Research Station. The result was clearly positive, but inconsistent with the results of the chemical study. It is obvious that a small quantity of isoflavones (in rats also almost inactive formononetin) does not explain the increased weight of the uterus. The slightly elevated coumestrol content in the late autumn samples of varieties 'Tammisto' and 'UndronT could have been due to the colder weather in the autumn and may to some extent have affected the results of the biological studies. The cold autumn weather and especially the night frosts may increase considerably coumestrol concentrations like phytoestrogen concentrations in general (Pettersson et al. 1984) . Small and inconsistent coumestrol concentrations do not, however, explain the obvious discrepancy between the results of the biological and chemical studies. In fact, there were apparently other substances increasing the estrogenic potency which were shown in the biological studies but not in the chemical studies. Apparently these are primarily substances of the coumarin group which might explain the inconsistent results of alfalfa and especially of white clover. Their contribution should be studied further in the future.
